Fear and aggression are among the most prominent behavioural problems in dogs. Oxytocin 19 has been shown to play a role in regulating social behaviours in humans including fear and 20 aggression. As intranasal oxytocin has been found to have some analogous effects in dogs and 21 humans, here we investigated the effect of oxytocin on dogsʼ behaviour in the Threatening 22 Approach Test. Dogs, after having received intranasal administration of oxytocin (OT) or 23 placebo (PL), showed the same reaction to an unfamiliar experimenter, but OT pretreated 24 dogs showed a less friendly first reaction compared to the PL group when the owner was 25 approaching. Individual differences in aggression (measured via questionnaire) also 26 modulated dogs' first reaction. Moreover, subjects that received OT looked back more at the 27 human (owner/experimenter) standing behind them during the threatening approach. These 28 2 results suggest that oxytocin has an effect on dogsʼ response to the threatening cues of a 29 human, but this effect is in interaction with other factors such as the identity of the 30 approaching human and the 'baseline' aggression of the dogs. 31 The familiarity of the threatening human (owner/experimenter) has a modulating role. 38
Introduction 41
Dogs are the most commonly kept pets in the western world (Hart, 1995) and are present in 42 almost every human society worldwide (Serpell, 2003) In case of dogs, however, relatively little is known about the effect of oxytocin on social 65 behaviour. Recent research has found that polymorphisms in the oxytocin receptor (OXTR) 66 gene are related to human directed social behaviours in dogs (Kis et al., 2014a) and that 67 intranasally administered oxytocin promotes positive social behaviours toward both humans 68 and conspecifics (Romero et al., 2014) . It has also been reported that intranasally 69 administered oxytocin induces positive expectations about ambivalent stimuli in dogs, 70 especially in a social context (Kis et al., 2015) , enhances dogsʼ use of human pointing 71 gestures (Oliva et al., 2015) , and increases gazing behaviour of female dogs to their owners in 72 a neutral situation (Nagasawa et al., 2015) . However, no study has yet investigated the effect 73 of intranasal oxytocin on dogs' behaviour in negatively valenced situations. 74
Based on these previous results our aim in the current study was to investigate the effect of 75 intranasal oxytocin on dogsʼ response to human behaviour cues of threat. In order to do that 76 we applied the Threatening Approach Test (validated by Vas et al., 2008 Vas et al., , 2005 previously 77 used to test coping styles in police dogs (Horváth et al., 2007) , aggression in shelter dogs (Kis 78 et al., 2014c) and to assess the dogs' ability to use the owner as a secure base (Gácsi et al., 79 2013). We also aimed to test the effect of group-belonging (familiarity of the interactants), 80 thus dog were approached threateningly by both the owner (in-group partner) and an 81 unfamiliar experimenter (out-group partner). Subjectsʼ baseline aggressiveness towards 82 people was assessed by means of a questionnaire (Jones, 2008) . Our results showed that contrary to our expectations oxytocin did not decrease aggressive 231 responses in dogs, but they showed a less friendly first reaction towards their owners and 232 behaved in the same way towards the experimenter as in the placebo group. This is in line 233 with other recent research suggesting that oxytocin is not a magical "trust elixir" 234 (Mikolajczak et al., 2010) , and that despite increasing prosocial behaviours, it does not make 235 people blind to negative social stimuli, but on the contrary in some cases it even increases the 236 salience of negative social stimuli (Theodoridou et al., 2013) . But because of these results the 237 direct applied relevance of our findings is questionable, as a "desirable" outcome would be to 238 use a treatment that decreases unwanted aggression. However in case of some working dogs 239 (e.g. police dogs) sensitisation to threatening social stimuli might also be beneficial. 240
Furthermore we find that dogs look back at the human (owner or experimenter) standing 241 behind them during the threatening approach more often after oxytocin pretreatment. This 242 finding is in line with the study of Guastella et al. (2008) showing that oxytocin increases 243 looking towards the eye-region of faces in humans and corresponds with more recent studies 244 (Nagasawa et al., 2015) demonstrating that dogs look more at their owners in a neutral 245 situation after oxytocin administration. Note, however that in our previous study (Kis et al., 246 2014a) we could not find any effect of OXTR polymorphisms on looking at humans during a 247 problem-solving task in dogs. Thus in a more naturalistic situation when the owner is allowed 248 to communicate with the dog when it looks back at him/her upon detecting a threat (see e.g. Table 1 . 391
Questionnaire item
Multiplier Dog behaves aggressively towards unfamiliar people. +1 Dog is friendly towards unfamiliar people.
-1 Dog shows aggression when nervous or fearful. +1 Dog behaves aggressively in response to perceived threats from people (e.g., being cornered, having collar reached for). +1 Dog behaves aggressively when restrained or handled (e.g., groomed). +1
